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THE TERRACES OF THE DERBYSHIRE 
DERWENT 
R. S. WATERS AND R. H. JOHNSON 


Morphological mapping of the Derwent valley between Derby and 
Bamford and of its tributary valleys Wye, Noe and Peakshole Water 
has revealed the presence of a number of “‘flats’’ which represent the 
surviving portions of valley floors fashioned by the streams during their 
life of landscape sculpture. For these rivers, as for others in Britain, 
downcutting and valley excavation were not continuous. Periods of 
active valley deepening represented in the landscape by steep valley-side 
slopes alternated with phases of predominant valley widening and 
formation of valley floors of varying widths. With the initiation of each 
phase of downcutting or, in other words, with each rejuvenation of the 
river system however caused, the most recently fashioned valley floor 
was converted into a terrace, subjected to piecemeal dissection and 
divested of its alluvial cover. Thus it comes about that erosion benches 
or “‘flats’”’ are discernible throughout these Derbyshire river valleys at 
different heights above their existing flood plains. Where such flats are 
seen clearly to be erosional and to constitute a sufficiently large and 
closely spaced group with a rate of fall not unlike the downstream 
gradient of the present valley floor, a former thalweg profile of the river 
can be reconstructed and a significant stage in the river’s erosional 
history can be recognized. By these means four stages in valley 
excavation have been distinguished in the Derwent-Wye drainage basin 
above Derby. 


The testimony of the purely physiographic record exhibited by the 
valleys has been enhanced by evidence relating to the distribution and 
character of superficial deposits noted briefly by earlier workers and 
re-examined by the authors. The more significant material has not only 
been analysed by recognized laboratory methods; it has also been 
studied in its morphological context whereby its position in the 
chronology of valley excavation has been established. 


THE MORPHOLOGICAL RECORD 


The erosion benches are seen at all levels between the moorland 
surface and the river floodplains and provide eloquent evidence of the 
successive rejuvenations experienced by the rivers since they were 
initiated as consequent streams on a surface which must have lain well 
above the existing upland plain.(!) They give some indication of the 
several stages of downcutting and stillstand by means of which these 
major streams have excavated their valleys. The record is, however, 
incomplete : in this area of alternating weak and resistant rocks— 
limestone, shales and grits of the Carboniferous system—evidence of the 
earlier stages of valley excavation is understandably meagre ; it consists 
of ill-defined and often very small flats lying up to 400 feet above the 
valley floors which owe their preservation to the fact that they were cut 





(1) D. L. Linton, ‘Midland drainage : some considerations bearing on its origin’’, 
Advancement of Science, Vol. 7, 1951, p. 449; D. L. Linton, Sheffield and its Region, 
1956, Chap. 2, p. 24; R.H. Johnson, “An examination of the drainage pattern of the 
eastern part of the Peak District of North Derbyshire’, Geographical Studies, Vol. 4, 
1957, p. 46. 


3 








Z pue T ‘say 





INSU, IN3MuRO Oe m2 we ae ges Oe Co OW we ies : — = a eee i oO aman 
| . ee. 30 80398 Luter eos ATSAOM VSD HURST OWS LH 30 oe i083 ; 
i e * oe? 8 pre Simaew NE remeee 
! 1 cndae ehaits Gh €6-tipdie Gn ts eae ee IND 32 2 
Drews sow ivno See SO TPT Pe mame ee qv---- I --Ss ] a 4N3MU30 | 30N 
vee ON On a ree ee YF ee Oat ates rere Y ' ° 
a ‘ . Re - ' 


: © « 2 : 4) ett Sa 







ila lial — ie a a imc nem ee ae SEES PASS 
eaten —— © 2 aleiete Sendai cabetaee et ie HM als ae @ 
ee ° © te muet --( Sr een as 


' 
o*@e es a = 
P > vo 
. ' . . e . -> 
i a V 9 
' Ps Y 
‘ 
i 
H 
i 





HHL 40 
[SDL MOT CNY THOM ONO] 





“AM ONY LNIMY30- SON | 


| 
} 

| 

| [e548 ¢ ‘BAYES nit | 
| V LNIOeDINy 

| 














— — — 
a & TOU S718 40 7w28 = F ¥ - 









SR, Se ows 3 Ee) 
rs.) NOIS330 og 2LVOWEWY 
G®~ DVL NOH 44° + ATISMOU IWRID 
* AvID ° TAVWD +4 ° 340H ; 
~ INIOdYOINY «4° JOVURL JOWSUGHIVH 3 






par "IAM ONV FON ‘INI 
FHL 4O SDvwaL MOT 





















on grit or limestone. While these high-level terrace fragments may be 
of significance for the elucidation of earlier phases of evolution of the 
sout hern Pennine valleys their testimony is too inconclusive for our present 
purposes : their down valley distribution is too discontinuous to permit 
of the accurate reconstruction of former valley floor profiles of the two 
rivers. For this reason attention has been directed more particularly 
to the better preserved terraces lying within 250 feet of the valley 
bottoms. 


Three low terraces flank the Derwent over the greater part of its 
course above Derby, and on the Wye they are traceable from Great 
Rowsley upstream to their respective knickpoints. A fourth terrace has 
been distinguished below Cromford. 


(a) The Hathersage terrace 


The rejuvenation head responsible for the creation of this, the 
oldest of the four terraces, has receded upstream of the position of the 
Ladybower Dam on the Derwent and is thus lost to view; on the Noe 
it appears to have reached the vicinity of Edale Efd (c. 650 feet O.D.), 
although its precise location cannot be determined owing to the presence 
on the same steep reach of the upper part of the knickpoint associated 
with the next, lower terrace ; in Hope valley above Castleton it is no 
longer clearly traceable beneath the over-steepened vale head below 
Mam Tor; but on the Wye its position has been noted in Chee Dale at 
c. 720 feet O.D. at the head of a steep ungraded reach which extends one 
and a half miles downstream to an ait in Miller’s Dale (SK(43)/148734). 
The terrace itself has been followed fairly continuously to Matlock 
(Figs. 1 and 2). Below the gorge, already incised into the limestone 
at this stage, evidence of its presence is less reliable although there 
are indications that it lies at c. 420 feet O.D. at Derby, i.e. 260 feet 
above the river. 


(6) The Hope terrace 


This terrace forms a significant morphological feature downstream 
of its knickpoint on each of the rivers examined. On the Derwent there 
are clear indications of the lower part of the break of slope (the rock 
knick) above Bamford at Yorkshire Bridge at c. 535 feet O.D.(') On 
the Noe the rejuvenation responsible for the formation of this terrace 
has over-run that associated with the Hathersage terrace and both heads 
of rejuvenation (at c. 650 feet O.D.) are represented by the impressive 
rock-cut, steeply falling river channel upstream of Norman’s Farm 
(SK(43)/167859). The floor of Hope Valley is also referable to this stage 
with Peakshole Water incised some-10 feet below it. On the Wye the 
knickpoint at Monsal Head, now marked by a weir at 525 feet O.D., 
gives the limit of the rejuvenation responsible for the terrace on which 
Haddon Hall stands. The map (Fig. 1) shows the strong development 
of the terrace from Hope to Matlock, its virtual absence from the gorge 
and its continuation downstream to near Derby where it lies at c. 300 
feet O.D., or 150 feet above the river. 


(1) W. G. Fearnsides, “The geology of the eastern part of the Peak District’’, 
Proc. Geol. Assoc., Vol. 43, 1932, p. 152. 











(c) The Great Rowsley terrace 


The Derwent floodplain in Chatsworth Park becomes a terrace at 
c. 350 feet O.D. at the upper limit of a textbook example of a rejuvena- 
tion head (the upper or alluvial knick) now marked by the weir 
immediately upstream of One Arch Bridge. The results of a survey 
of the relations between the existing flood plain and the Great Rowsley 
and Hathersage terrace fragments in this locality are shown on Figure 3. 
The corresponding knickpoint on the Wye, at 340 feet, is in Great 
Rowsley above the mill; this too conforms to type and is marked by 
well developed aits.() As is commonly found on larger rivers the entire 
break of slope associated with this rejuvenation extends over a 
considerable distance downstream from the alluvial knick and accounts 
for irregularities in the long profile of the Derwent between Chatsworth 
and Matlock. Over the greater part of this reach the terrace does in 
fact still form the broad valley floor. This is best developed in Darley 
Dale (up to 1,000 yards wide) through which the river flows in a narrow 
trench comparable to that noted on the River Mole at Sidlow Bridge 
in Surrey.(?) From Matlock downstream ihe terrace can be traced 
without difficulty through the gorge to the outskirts of Derby where it 
stands 100 feet above the river at 250 feet O.D. 





SCHEMATIC DIAGRAM TO ILLUSTRATE FIGS 
POSITION OF TERRACES OF THE 
RIVER DERWENT NEAR CHATSWORTH 


GREAT 
ROWSLEY S317 

















Fig. 3 
(d) The Ambergate terrace 


From its knickpoint at Cromford (c. 280 feet O.D.) this weakly 
developed feature has been followed through Belper to Derby where 
it lies at c. 180 feet O.D. The latest stage in the history of stream 
incision and valley development in this area is represented by the 
Derwent floodplain below Cromford. 


(1) R.S. Waters, “‘Aits and breaks of slope on Dartmoor streams”, Geography, 
Vol. 38, 1953, p. 67. 


(2) A. J. Bull and others, ‘‘The River Mole : 


its physiography and superficial 
deposits”, Proc. Geol. Assoc., Vol. 45, 1934,p.35. 2 > P 
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The grouping of low-level, valley side benches into four terraces 
represents the simplest and most satisfactory interpretation of the 
morphological field evidence. Undoubtedly the Hathersage and Hope 
terraces are in places composite ; but the discontinuous upper segments 
of these two terraces cannot be traced upvalley to independent knick- 
points on the streams, and it would appear that in each case the 
rejuvenation responsible for the formation of the lower segment has 
over-run that related to the upper leaf of the terrace. Notwithstanding 
these complications of the record the justification of the fourfold 
grouping lies in the clear and ubiquitous distinction between upper or 
lower members of one terrace and representatives of the next, higher or 
lower, terrace. 


Each terrace thus broadly conceived is in essence an erosion 
feature which was initiated as the rock floor of a river floodplain 
developed near a relatively stable base-level. Consequently the altitude 
of surviving terrace fragments may be expected to give some indication 
of the height of the base-level to which the stream was grading its profile 
at the time of the initiation of the terrace. 


At Derby the heights of the terraces have been determined as 
410-430 feet, 290-310 feet, 240-250 feet and 170-180 feet, and the river 
lies at 150 feet O.D. The downvalley gradient of the Derwent is greater 
than that shown by any of these terraces ; hence it is not unreasonable 
to infer that the sea-levels in relation to which the terraces were developed 
lay within the now generally accepted height range of Pleistocene 
sea-levels. 


THE SUPERFICIAL DEPOSITS 


Evidence of the glaciation of the area has been painstakingly 
collected by many workers during the past hundred years. Notable 
contributions have been made by Green, Miss E. Dale, Wedd, Jowett 
and Charlesworth and Dalton.(?) Unfortunately a good deal of evidence 
has been removed as the result of quarrying, and in some instances the 
precise location of the materials examined was not given in the descrip- 
tion of their discovery. 


(a) Monsaldale Station 


In the Geological Memoir for North Derbyshire published in 1867 
(2nd edition 1887) A. H. Green gave the following account of the first 
set of superficial deposits to be re-examined. ‘‘Beside the railway, just 
south of the group of houses called Monsal Dale on the map, the cutting 
runs through a large bank of limestone screes or slithes as they are called 
in Derbyshire. These screes consist mainly of angular fragments of 
limestone which have weathered off from the rock on the hilltops and 
slide down into the valley, but in the middle of the debris is gravel 
mainly made up of large pebbles of gritstone and one pebble of 
granite.... The gravel is about six hundred feet above the sea.’” This 


(1) A. H. Green, ‘‘The geology of North Derbyshire”, Mem. Geol. Surv., 1887 ; 
E. Dale, ‘“‘The scenery and geology of the Peak District of Derbyshire, 1901 ; 
W. Gibson and C. B. Wedd, “‘The geology of the northern part of the Derbyshire 
Coalfield”, Mem. Geol. Surv., 1913; A. Jowett and J. K. Charlesworth, ‘‘The glacial 
geology of the Derbyshire Dome”, Quart. J. Geol. Soc., Vol. 85, 1929, p. 307; A. C. 
Dalton, ‘‘Notes on some glacial features in N.E. Derbyshire’, Proc. Geol. Assoc., Vol. 
56, 1945, p. 26; A. C. Dalton, “Glacial evidence in the Sheffield area’, N.W., 
Naturalist, Vol. 1, 1953, p. 38. 
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Figs. 4 and 5 





description enabled us to revisit the exposure (SK(43)/178719) and to 
examine the gravel. It was found to consist of coarse but rounded 
pebbles quite unlike the normal scree, cemented together with a tufa-like 
material. The thickness of the gravel could not be measured owing to 
the effects of downwash and scree. Immediately above the position of 
the gravels there was a sticky clay mass similar to that which occurs at 
Haddon Hall (see below). A heavy mineral analysis of this clay showed 
that its suite was composed of local minerals: iron ores 61%, zircon 
175%, rutile 6-7%, augite 46%, garnet 3-7%, tourmaline 2-9%, 
monazite 1-6%, fluorite 1-3%, barytes 0-7%. Although mst minerals 
appeared to have experienced a number of cycles of sedimentation the 
augite had a remarkably fresh look, comparable with that of the augite 
of the local olivine basalts of Derbyshire. 


(b) Lower Wye Valley 


Other exposures of superficial drift occur in the Wye valley near 
Bakewell. At Bakewell cemetery (500 feet O.D., SK(43)/218678) there 
is a deposit mentioned by Green which Jowett and Charlesworth have 
recognized as boulder clay. “This clay has a thickness of up to ten feet 
and contains a great number of boulders frequently of considerable size, 
particularly the Carboniferous Limestone which were striated, others 
were chert, toadstone, quartzite, grits, and one boulder of Eskdale 
granite.’’(4) At this locality Dalton has also recorded the find of biotite 
granite, probably from Arran. Near the cemetery in the vicinity of the 
Lady Manners School (600 feet O.D.) Professor Fearnsides noted in 
1943 erratics including Borrowdale volcanics and granites from an 
unstated source. (?) 


The most important exposure in this neighbourhood occurs in 
Haddon Hall Park. Of it Green has written, ““Lower down the valley 
the flat topped hill to the east of Haddon Hall, from Park Bank 
Plantation on the north to Parkside Wood on the south, is covered with 
a stiff red clay not unlike the clay found in the limestone caverns, 
containing many boulders of limestone, angular or half rounded and 
thickly covered with ice scratches ; and, in smaller quantity, toadstone, 
gritstone, greenstone different from toadstone, and granite (one specimen 
seen coarse and grey). Over the greater part of the hill the limestone 
boulders are so thickly strewn that one would imagine the rock itself 
was just below, and the walls are built of limestone. There can be no 
doubt of this being a genuine Boulder Drift, but fringing the east side 
of the valley and at a height from 20-50 feet above the river is a band of 
finer gravel consisting mainly of limestone pebbles which looks like a 
river gravel perhaps derived from the drift but remodelled by the stream. 
This gravel was well shown in a road cutting at the western side of 
Parkside Wood.”’(°) 


By permission of the Haddon Hall Estates Ltd. we were permitted 
to re-examine this superficial material. In some instances the stiff red 
clay described by Green was found to lie directly on the gravel bed. 
Furthermore, the gravels were seen to form part of a small relief feature 
which lies between two terrace remnants on the side of the hill. The 
higher remnant (the Hathersage terrace) on this, the northern side of 


(1) A. Jowett and J. K. Charlesworth, op. cit. 
(2) A. C. Dalton, 1953, op. cit. 
(3) A. H. Green, op. cit. 








the valley, is present only in the form of a sharp break of slope but the 
same feature forms a marked erosion flat on the opposite side of the 
valley. The lower feature (the Hope terrace) is well developed on both 
sides of the valley. 


On the northern side of the valley nineteen exposures of the gravels 
were located in the positions indicated on Figure 4. The gravel band 
was also traced through Parkside Wood where it has been cemented 
with a calcite tufa. On the opposite side of the valley similar gravels 
were found near the south-east corner of Fawnsdale Plantation 
(SK(43)/226664). No clayey drift or gravels were observed upstream of 
exposure No. 1 which, like the Fawnsdale Plantation exposure, lies at 
460 feet O.D., i.e. 100 feet above the river. The last exposure of gravel 
seen in the downstream direction (No. 19 on Fig. 4) occurs at 425 feet 
O.D., 87 feet above the level of the stream. Between these two exposures, 
1,500 yards apart, there is a downvalley gradient of 7-8 per mille which 
may be compared with the present rate of fall of the stream over the 
same distance of 4-9 per mille. 
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Fig. 6 
Histogram of gravels. 


An excavation of the small terrace feature at exposure No. 6 


revealed the following (Fig. 5) : 


Soil 7 - és is .. Oto 9 ins. 
Soliflucted Boulder Clay Wi .. 9 to 40 ins. 
Stiff red-brown clay... i .. 40 to 62 ins. 
Junction layer of pebbles and clay .. 62 to 74 ins. 
Pebble Gravels .. ss wi .. 74 to 86 ins. 
Solid rock és ‘i “i .. below 86 ins. 
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The gravels which were found to be bedded with their long axes 
parallel to the stream direction are local in origin ; 67% of the samples 
examined were limestone, 15% quartz, 15% local sandstone and 3%, 
cherty limestone. The range of gravel size was from 1 to 6-5 cms. 
Figure 6 shows the distribution of the pebble sizes to be consistent with 
a material that has been well assorted or graded by long continued 
transport in water. 
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Fig. 7 
Mechanical analysis of clay. (a) Haddon Hall, (b) Monsal Head. 




















The mineral suite of the stiff red-brown clay overlying these gravels 
included iron ores 69%, zircon 21%, rutile 6% and garnet 3%. 
Although boulders were found embedded in surface exposures of this 
clay at Haddon Hall and Monsaldale Station it is clear from the 
excavation that, in situ, the material is quite free of boulders. It is 
strongly laminated and the very high percentage of the colloid fraction 
in its mechanical composition analysis suggests that its deposition took 
place under conditions of relatively still water. Such conditions would 
obtain either in a small lake or in a river valley subject to phases of 
widespread flooding. That the second of these alternatives is the more 
likely is suggested by the several occurrences of this clay with its 
subjacent gravels which were noted from Haddon Hall upstream to 
Monsal Dale. 

Overlying the laminated clay is the boulder clay first recorded by 
Green. It is not, however, in its original position. There is abundant 
evidence to suggest that it is a solifluxion deposit which has moved 
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down the valley-side slope. A number of small terracettes are present 
in the field between the estate boundary and Haddon Park Farm and 
it is certain that the small terrace feature at the site of the excavation 
is in part the result of mass movement under periglacial conditions. 
From this soliflucted boulder clay were recovered two small stones of 
Eskdale granite, some small, well-weathered andesite pebbles and a 
large number of limestone boulders varying in both size and lithology. 


(c) Bradford Dale 


An important section of glacial drift has recently been revealed at 
Hinchcliffe Quarry (SK(43)/223630).(4) The material which is exposed 
for about fifty yards along the top of the quarry is about fifteen feet 
thick and rests on some ten feet of Edale Shales which overlie the 
limestone. It consists of a mass of unsorted boulders in a stiff clay matrix 
and has the appearance of ground moraine. The boulders are often ice- 
scratched and many are faceted. Even the small pebbles are similarly 
worn. Although this deeply weathered drift is largely composed of local 
material, granite chippings have been found by Mr. Straw. 


Green mentions other localities close to the confluence of the 
Bradford and Wye where glacial material was seen. Most of it appears 


to be of local origin and like the Hinchcliffe Quarry deposit to be between 
500 and 600 feet O.D. 


(d) Stoney Middleton 


Erratics and drift were found in a trench near Stoney Middleton 
(SK(43)/233749) in 1942.(?) Dalton has recorded a layer of gravels, 
mainly limestone, at a height of 500 feet O.D. overlain by downwashed 
Edale Shales and drift, including Lake District erratics, on the slope 
above between 600 and 700 feet above sea level. 


(e) Noe Valley 


Further upstream bordering the Noe tributary of the Derwent, 
Green also noted river gravel representing an aggradational phase in 
the erosional history of the rivers. He wrote, “From Edale end to 
Mytham Bridge (at the junction of the Noe and Peakshole water with the 
Derwent) a well marked strip of gravels is found showing two or more 
terraces. A good section was seen where the road leading from Hope 
to Twitchell Farm crosses the stream. The gravel is here of all degrees 
of coarseness down to sand, stratified and false-bedded ; in it are lumps 
and a bed of black clay, evidently decomposed shale. Near the river all 
the stones are rounded, but as we go up the hill the gravel becomes 
mixed with angular rain wash and the two pass into one another so 
gradually that it is hardly possible to draw a line between them.’’(3) 
Our examination of these gravels in several exposures from SK (43) /167860 
downstream to Netherhall Bridge showed a high proportion of the 
pebbles to be tabular in form, obviously owing their origin and form to 
the types of sandstone and grits present in the area. At each locality 


the gravels appeared to have their longer axes aligned in a downstream 
direction. 


(1) We are indebted to Mr. A. Straw of Sheffield University for drawing our 
attention to this exposure. 


(2) A. C. Dalton, 1945, op. cit. 
(3) A. H. Green, op. cit. 
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Examination of the several exposures of superficial material has 
shown that the gravels in widely separated situations possess a marked 
similarity in form and degree of rounding ; all are clearly water-borne 
and stream-bedded. Moreover at six of the eight exposures shown on 
the map (Fig. 1) they are associated with an ill-sorted and generally 
clayey drift which frequently overlies them. 


A CHRONOLOGY OF THE DENUDATION STAGES 


Each river terrace is fundamentally a rock-cut feature although 
the Hathersage in the upper parts of the valleys carries a variable but 
generally thin cover of hillwash and solifluxion material. Moreover, 
the floors of Edale (Hathersage stage) and Hope Valley above Hope 
(Hope stage) are incorrectly described as either floodplains or river 
terraces. Rather must their existing form be attributed to the effects of 
periglaciation under which conditions the backwearing of the steep 
side-slopes by spring sapping, mass movement and gully gravure was 
accompanied by the conveyance streamwards of ill-sorted materials by 
solifluxion and slope wash across the ever broadening vale floors. This 
material is well seen in the walls of numerous gullies tributary to the 
Noe in Edale Vale and Green has, in the passage quoted above, noted 
its presence lower down the Noe valley. In this neighbourhood the hill 
wash debris frequently overlies and even obliterates the Hathersage 
terrace. Four hundred yards above Normans Farm it is seen to overlie 
gravels on the Hathersage terrace, but further downstream where the 
gravels rest on the Hope terrace the hill wash lies nearer the valley sides 
and only infrequently reaches the back of the lower terrace. 


In the lower Wye valley somewhat different relations obtain. The 
gravels mapped on both sides of the river near Haddon Hall lie not on 
the tread of the Hope terrace but on the slope between that and the 
Hathersage terrace above. At Monsaldale station the tufa-cemented 
gravels are found on the sloping ground above the higher bench. From 
the description of the gravels temporarily exposed near Stoney Middleton 
it would appear that they too lie on or a little above the Hathersage 
terrace flanking Stake Brook. These gravels would appear, to judge 
from the position of the remnants and their downstream gradient, to be 
part of a valley train or ‘‘climatic terrace’’.(4) In the Wye valley we 
may conceive this gravel train as falling some two hundred and fifty 
feet in height from Monsaldale station to Haddon Hall, thereby crossing 
the Hathersage terrace and losing sixty feet in height relative to the 
present floodplain. Similarly in the Noe valley the gravels spread down 
valley across the Hathersage terrace on to the then valley floor which 
was subsequently trimmed and, following the upstream migration of the 
break of slope now located near Normans Farm, converted to the Hope 
terrace. 


The Boulder clay material would appear to be older than the gravels. 
It has been noted on the valley sides, usually between 500-700 feet O.D. 
At Bakewell and again near Alport in Bradford Dale the deposits were 
found to be actually on the Hathersage terrace itself and apart from the 
material found at Haddon Hall, now shown to have been subjected to 
solifluxion, nowhere does the drift appear below this terrace feature. 


(1) R. F. Flint, Glacial Geology and the Pleistocene Epoch, 1947, p. 135; F. E. 
Zeuner, The Pleistocene Period, 1945, p. 25. 
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In fact, nowhere are these deposits (gravels or Boulder clay) found 
below the Hope terrace. Where the gravels are associated with this 
terrace (near Hope and in Chatsworth Park) they do not overlie it but 
rather form part of the terminal surface, as though trimmed and 
redeposited by the laterally swinging stream. Moreover, near Haddon 
Hall the tread and riverward edge of the Hope terrace, here cut on 
relatively weak Edale Shales, show no evidence of the considerable 
degradation that they must surely have suffered had the formation of 
the terrace in that locality preceded the local glaciation. 


It would appear that the four valley floors (Hathersage, Hope, 
Great Rowsley and Ambergate) were cut during successive inter-glacial 
or inter-stadial phases. The rejuvenations responsible for their con- 
version to terraces were undoubtedly caused by falls of sea-level 
associated with the intervening and succeeding glacial episodes. (Clearly 
the upper and lower leaves of the terraces may be referred to sub-phases 
of the Pleistocene record, but the evidence is insufficient to permit of 
more detailed correlations). 


The evidence provided by the morphological setting of the Boulder 
clay suggests that the first glaciation of the area of which we have a 
record post-dated the cutting of the Hathersage valley floor but ante- 
dated its conversion to a terrace. On the other hand, from the evidence 
provided by the situation of the gravels in the lower Wye valley and of 
gravels above Normans Farm on the Noe and at Stoney Middleton, it 
is clear that the Hathersage valley floor had not only been cut but had 
also been converted to a terrace in those localities before the fluvial 
material was deposited. Nevertheless, this aggradational phase preceded 
the rejuvenation responsible for the conversion of the succeeding valley 
floor, the Hope, to a terrace. 


Finally we may refer to the position in the denudation chronology 
of gravels flanking the Derwent below the Matlock Gorge. Extensive 
spreads occur near and below Derby where at least three terraces 
representative of aggradational phases have been recognised (sheets 125 
and 141, Geol. Survey). Here the gravels are equated with the Upper 
and lower Hilton and the Beeston terraces of the Trent.(!) There is 
also a gravel terrace lying eight to ten feet above the alluvium at Belper 
which has been correlated with the Beeston terrace.(?) Figures 1 and 2 
show the position of these gravels in relation to the four terraces 
distinguished further upstream. Although it is clear that each aggrada- 
tion represented by these gravel spreads postdates the cutting of the 
respective river terrace which hes at a similar altitude, it is not possible 
on the limited evidence available from the morphological study to date 
these episodes. They have, however, been accepted by Shotton as 
belonging to the last glaciation. (*). 


On the basis of the foregoing interpretation we arrive at the 


following chronology of the morphologically significant episodes in the 
Pleistocene history of the Derwent and its tributaries : 


(1) H. H. Swinnerton, Geology of the East Midlands, 1948, p. 76; K. Clayton, 
“The Pleistocene chronology of the part of the Middle Trent Basin’, Proc. Geol. 
Assoc., Vol. 64, 1953, p. 198. 

(2) W. Gibson and C. B. Wedd, op. cit. 


(3) F. W. Shotton, “The Pleistocene deposits of the area between Coventry, Rugby 
and Leamington...... ”, Phil. Trans. Roy. Soc., Series B, Vol. 237, p. 209. ' 
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Phases of aggradation and rejuvenation represented) Newer 
by gravels near Derby Drift 


Formation of present valley floor below Cromford J Glaciation? 
Deposition of Belper gravel. 

Rejuvenation and formation of Ambergate terrace. 

Formation of Ambergate valley floor. 

Rejuvenation and formation of Great Rowsley terrace. 
Formation of Great Rowsley valley floor. 

Rejuvenation and formation of Hope terrace. 

Formation of Hope valley floor. 

Deposition of gravel train and superjacent clay ) Older 
Rejuvenation and formation of Hathersage terrace Drift 
Deposition of boulder clay Glaciation ? 
Formation of Hathersage valley floor. 
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The record of valley excavation is thus seen to comprise four 
distinct phases of floodplain development followed by rejuvenation. 
Upon the morphological consequences of these four double-phases are 
superimposed the effects of one local glaciation, during the course of 
which an ice lobe penetrated down the Wye valley at least as far as 
Haddon Hall, one glacial phase represented by a gravel train, and at 
least one subsequent periglacial phase during which the pre-existing 
boulder clay moved downslope over the gravels. This solifluxion may 
be contemporaneous with the Newer Drift glaciation to which the Belper 
and Derby gravel spreads are generally referred. Certain it is that a 
very considerable period of erosion separated the deposition of those 
gravels from the deposition of the boulder clay and gravel train higher 
up the valley. That being so, it is not unreasonable to refer the tiny, 
discontinuous patches of glacial and glaci-fluvial material in the Derwent 
and Wye valleys to the Older Drift glaciations. 


>” * * * 


We are indebted to Mr. R. Taylor for undertaking the mineral analyses, to 
Mr. J. K. Alderman (Department of Engineering, Manchester University) for 
supervising the elutriation of the drift, to many students from the Geography 
Departments in the Universities of Manchester and Sheffield for help in the field 
and to Miss T. C. Bungard and Miss A. Lowcock for re-drawing maps and diagrams. 
We also wish to thank Professor D. L. Linton, Professor P. R. Crowe and Mr. A. Straw 
for their help and encouragement. 
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SOME ASPECTS OF THE LOCATION OF 
HOSIERY AND LACE MANUFACTURE 
IN GREAT BRITAIN 


E. M. RAwsTRON 


The hosiery and knitwear industry (hereafter called the hosiery 
industry) is predominantly concentrated in the East Midlands 
(Fig. 1), but it is more dispersed than machine lace manufacture (Fig. 4), 
for both outside and inside the East Midlands region far more places 
engage in it. 

Hosiery plants are scattered in the textile regions of Lancashire, 
Yorkshire and Cheshire where most of the textile towns have at least a 
few people engaged in the industry and quite large numbers are 
employed in Liverpool (2,200), Bolton (900), Manchester (1,100), 
Congleton (1,600) and Macclesfield (450). Leek in Staffordshire has 
2,400. Out of 5,000 employed in London and Middlesex nearly 2,500 are 
in Edmonton, and the Home Counties include a number of fairly 
important centres, viz., Godalming (350), Slough (550), Elstree (700), 
St. Albans (750) and Baldock (1,000). In South Wales only Merthyr 
Tydfil (800) and in North-East England and Cumberland only Middles- 
brough (800), Brandon and Byshottles (250), Jarrow (300) and Ennerdale 
(350) are noteworthy. Birmingham, the Black Country and the Potteries 
are scarcely represented. In Scotland(#) hosiery manufacture is 


important in Glasgow (2,400), the Clyde Valley, Roxburghshire (3,400) 
and Ayrshire (3,000). 


The relatively widespread distribution of the industry outside the 
East Midlands concentration is easy to explain in comparison with the 
problem of the concentration itself, and is examined first. Employment 
in hosiery production has increased from about 40,000 at the turn of 
the century to nearly 130,000 today. Expansion of the industry by 
dispersal has been facilitated by advances in electricity distribution and 
road transport, and by the decline of other industries, such as cotton in 
Lancashire, which freed labour and factory buildings. Since the mid 
1930’s the national desire to aid depressed areas, and since 1945 the 
need for manufacturers to seek out pockets of available labour in a 


period of gencrally full employment and expanding demand have also 
tavoured dispersal. 


In hosiery manufacture small scale operation can be profitable, 
power needs are small and natural physical requirements are nil except 
in the finishing trades, for which physical restrictions on the choice of 
location are much less marked than formerly.(?) Since the chief market 
is at home the location of plants in relation to the market is not very 
important in respect of costs and profits. The advantages of concen- 
tration in the East Midlands have for long been greater external 
economies and a localised pool of skilled labour, and while these were 


(1) The figures for Scotland (Census 1951, Scotland, Vol. IV, Occupations and 
Industries, table 13) are available only for the four large cities, the counties and the 
large burghs. Scotland cannot therefore be mapped in the same detail as England 
and Wales. In Roxburghshire, for example, the circle has been placed on Hawick 
but this is the total for the County. 


(2) See the comments on finishing in the following section on lace. Employment 
in finishing is not shown on any of the figures. 
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Fig."1 


Employment in hosiery and knitwear manufacture, 1951 Sources : Census 
1951, England and Wales, Industry Tables (1957) and Census, 1951, 
Scotland, Vol. 4, Occupations and Industries (1956). 


Places with fewer than 20 workers in hosiery manufacture are not shown. 
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dominant there could have been little incentive to dispersal from the 
East Midlands. Small-scale newcomers to the industry would have 
faced somewhat greater difficulties in establishing their plants elsewhere 
in England and Wales, and probably more arose in the East Midlands 
and in Scotland than elsewhere. Therefore changes in the distribution 
pattern of the industry since the turn of the century have been slight 
and have mostly come about since 1931. 





c’ ¢ No.of Workers 
\ rd __ 30,000 
; ‘ (Ay 20.000 
J ome \ 10,000 
crn P 
\ iD 
1 20 = / 
MILES Z ey County Boundary ——.—. 
\ 
Fig. 2 


The East Midland concentration : employment in hosiery and knitwear 

manufacture, 1951. Source : Census 1951, England and Waies, Industry 

Tables (1957). Boundaries of census areas with less than 20 employed in 
the industry are omitted. 


Key to places named : A—Arnold, B—Belper, Ba—Basford R.D., 
Be—Beeston, D—Derby, H—Hinckley, He—Heanor, Hu—Hucknall, 
I—lIlkeston, K—Kirkby-in-Ashfield, L—Leicester, LE—Long Eaton, 
Lk—Leek, Lo—Loughborough, M—Mansfield, MH—Market Harborough 
R.D., Mk—Matlock, N—Nottingham, S—Sutton-in-Ashfield, Sh—Shepshed. 
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The biggest change in the pattern before 1931 was due to the 
growth of the industry in Lancashire, where a wide choice of cheap 
vacant premises and cheaper labour than in the East Midlands, resulting 
from the decline of the cotton industry, outweighed any disadvantages 
of dispersion. The desire to relieve local unemployment and diversify the 
local industrial structure have led to the establishment between the 
wars and especially since 1945 of a number of larger plants in other 
places such as Merthyr Tydfil, Liverpool, Jarrow, Middlesbrough and 
on the Durham coalfield. The considerable expansion in London and 
the Home Counties, particularly in Hertfordshire and Buckinghamshire, 
since 1931 is in keeping with the general trend of many light industries 
to expand in or move to south-eastern England during the inter-war 
period. Finally, since 1945 many small branch factories have been 
established, under direction, especially in settlements on the south 
Yorkshire coalfield and in small country towns in Lincolnshire. This 
represents true though planned dispersal from the East Midlands 
prompted by labour shortage there in an expanding industry, and 
utilising small pockets of available labour and often disused buildings. (?) 


The dispersion in the present distribution pattern and the changes 
of the last forty or fifty years are, however, of less interpretative interest 
than the concentration of the industry in the East Midlands. Figures 2 
and 3 show that hosiery manufacture is important from Mansfield in 
the north to Lutterworth in the south, not only in the towns and urban 
districts but also in several rural districts. Compared with an average 
of about two per cent of those in non-service industries employed in 
hosiery in Great Britain in 1951(?) and about nine per cent in the East 
Midlands, Hinckley and Shardlow have over 50 per cent and Leicester, 
Ilkeston, Mansfield, Sutton-in-Ashfield and Market Harborough Rural 
District between 24 and 36 per cent. Nottingham has 14 per cent and 
Derby only 2-6 per cent. 


These patterns are apparently not susceptible to generalised 
correlations with any other patterns throughout the area, and thus no 
generally applicable reason can be advanced for either the absolute or the 
proportional variation in numbers employed in the industry from place 
to place. Different reasons, many of them functioning only for short 
periods during the evolution of the industry, apply to different places. 
It might be inferred therefore that the industrial region is analagous to 
a mosaic whose pieces have fallen together to form a compact pattern 
more or less by chance, and certainly the concentration came about as 
the result of a large number of separate, independent decisions made by 
individual industrialists and merchants. We may then ask why these 
decisions should have resulted in a concentration of the industry largely 
in one area and why that area should have been the East Midlands. 


Concentration of an industry may come about and be sustained by 
the operation of one or more of the following factors within its economy : 
land ; the market ; capital; labour; materials, and considerations of 


(1) W. B. Johnston, ‘‘The East Midlands and Post-War Development in 
Manufacturing’”’, East Midland Geographer, December 1955, pp. 3-18. 

I. G. Weekley, ‘Industry in the Small Country Towns of Lincolnshire, Northamp- 
tonshire and Rutland’, East Midland Geographer, June 1957, pp. 21-30. 

(2) The total includes employment in agriculture, etc., and mining, etc., but 
excludes what may be termed the service industries, i.e. building and contracting ; 
gas, electricity and water; transport and communications; distributive trades ; 
insurance, banking and finance; public administration and defence ; professional 
services, and miscellaneous services. 
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external economy. Or it might conceivably result from the accidental 
coincidence of a number of locational decisions made for a variety of 
unrelated personal reasons. So far as hosiery manufacture is concerned 
land needs can be ruled out. The market has never been concentrated 
in the East Midlands and, although the industry is today well placed to 
supply the home market, when it was in process of concentrating in the 
East Midlands during the first half of the eighteenth century the main 
market was the London area, and hosiery manufacture had until that 
time been concentrated there. The London area lost its attraction 
partly because of the restraints imposed on enterprise by the Framework 
Knitters’ Company and partly because of the increased demand for 
plain knitted goods, the manufacturers of which had no need to be in 
close touch with the centre of fashion. (+) 
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Fig. 3 
The East Midland concentration : employment in hosiery and knitwear 


manufacture, 1951: percentages of totals employed in non-service 
industries. Source as for Figure 2. 


(1) F. A. Wells, The British Hosiery Trade, 1935, p. 54. 
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Materials likewise were unimportant. Cotton and silk were not 
produced locally and the plentiful supply of wool in the Midlands could 
hardly have been the outstanding consideration. Coal was ineffective 
because hosiery was in large measure a domestic or small workshop 
industry, mainly dependent on foot power until the second half of the 
nineteenth century. 


The remaining factors are capital, labour and considerations of 
external economies. The last named may be better achieved in a 
concentrated than in a dispersed industry, especially where, as in 
hosiery, most plants are comparatively small, a number of processes 
are involved sometimes in separate plants and the products are marketed 
by independent establishments. But external economies are essentially 
the result and concomitant of industrial growth, helping to sustain and 
intensify a concentration by endowing plants within it with a greater 
opportunity for survival and increasing profit than plants established 
elsewhere, but seldom creating one. An exception would be where 
ancillary facilities, associated with one or more industries are available 
for use by another growing industry, when an earlier industry begins to 
decline or if the ancillaries are capable of rapid and cheap expansion. 
Neither condition obtained during the early period of the hosiery 
concentration in the East Midlands although the latter condition may 
be relevant to the origins of the concentration of the lace industry. 


The critical question in relation to labour, believed by Professor 
Wells to have been the chief factor in drawing the industry away from 
London,(?) is whether it was cheaper, more adequately skilled and more 
readily available for the industry in south Nottinghamshire, Leicester- 
shire and east Derbyshire than elsewhere. A conclusive answer would 
require comprehensive statistics which are not available in sufficient 
detail for the relevant period (1650 to perhaps 1850). Population change, 
variation in wage rates in time and place and the changing distribution 
of stocking frames would have to be ascertained. A sequence of maps 
based on such data might reveal a strong spatial relationship between 
labour supply and labour costs on the one hand and the concentration 
of the industry on the other. In default of such firm and detailed 
evidence, only subjective inferences can be made. 


It is known that in the first half of the eighteenth century machine- 
made hosiery manufacture was becoming concentrated in the East 
Midlands and the remainder of the industry was in Lowland Britain. 
The other major concentration, in London, was declining. Suitable 
locations for the new concentration would seem to have been necessarily 
restricted to Lowland Britain because the industry had no call at that 
time for water power or coal but needed ample labour and capital. In 
attempting tentatively to suggest what particular advantages the East 
Midlands possessed for hosiery manufacture and what disadvantages 
existed elsewhere outside London, labour can best be considered jointly 
with capital. 


Deterrents to the growth of new industry seem to have existed in 
much of Lowland Britain. These may be summed up as the preoccupa- 
tion of capital and labour with other pre-existing economic activities. 
As well as agriculture there were in the West Country and in East Anglia 
flourishing woollen industries; in Northampton the beginnings of a 
concentration of footwear manufacture, and in Birmingham and the 


(1) Ibid. 
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Black Country growing metal industries. Most of Lowland Britain was, 
however, primarily preoccupied with agriculture and in so far as this was 
expanding for commercial crop production it would have tended to 
retain and even attract labour as well as capital. Thus proximity to 
major markets for arable produce, especially in London, may well have 
hindered the establishment and expansion of manufacturing in a 
considerable area of southern England. 


Being on the fringe of Lowland Britain the development of commer- 
cial agriculture in Nottinghamshire, Derbyshire and Leicestershire was 
probably hampered by distance from London and the coast except for 
trade in wool and livestock. Furthermore the manufacture of woollen 
cloth had not been strongly established in the area. Economic expansion 
was not, therefore, to be sought in agriculture or traditional textiles : 
yet the three counties were populous; contained three sizeable and 
active county towns, and possessed considerable resources of labour and 
capital. It seems quite likely that the material needs of the populace 
were adequately supplied but that labour was cheaper than in many 
other parts of Lowland Britain. There may thus have been a twofold 
incentive towards industrial development. It was essential if the area 
was to develop economically without loss of population and the facilities 
within the area were attractive to industry. This seems to have been 
the situation in the late seventeenth and early eighteenth centuries 
when the hosiery industry was rapidly expanding and finding conditions 
in London unduly restrictive. How far Lee’s invention of the stocking 
frame at Calverton(') in 1589 was a contributory cause of the local- 
isation of the industry is difficult to assess. There was some continuity 
of the industry in the region during the succeeding hundred years but 
the rapid growth came afterwards, and it would seem that the association 
of place of invention with area of concentration is less strong than 
might .t first be assumed. 


While these conclusions are little more than subjective inferences, 
it is submitted that before the extensive use of powered machinery in 
an industry without major natural requirements the important con- 
siderations in its localisation were adequate labour, perhaps with a 
nucleus of people already skilled in the industry or in one cognate to it ; 
the existence of urban nuclei in and near which the industry could 
develop and to which it could look for trade outlets and general services, 
and the availability of local capital. These facilities seem to have existed 
on a larger scale in the three East Midland counties than elsewhere in 
Lowland Britain at the appropriate time to meet the first major expan- 
sion in the manufacture of cheap hosiery for a widespread market. Other 
areas in Lowland Britain were apparently either preoccupied with more 
profitable enterprises or were simply lacking in some of the necessary 
facilities. 


LACE 


Machine lace manufacturing was in some measure on offshoot of 
hosiery manufacture and rapidly expanded during the nineteenth 
century within the pre-existing hosiery region of the East Midlands. In 
1907 both industries had between 35,000 and 40,000 workers. In 1951 
64 per cent of those engaged in the machine lace industry were found in 


(1) Calverton is about seven miles north of Nottingham. 
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the East Midlands compared with 59.5 per cent of those in hosiery 
manufacture. But compared with hosiery, lace is now a small industry, 
employing only 11,600 people in 1951 whereas hosiery manufacture in 
Britain had 128,000 workers. 


The statistics of employment in lace are given in the 1951 census for 
all counties and county boroughs and for those urban districts with 
populations greater than 50,000. Rural districts and the smaller urban 
districts are not separately distinguished so it is not possible to map the 
distribution of employment in lace production in as great detail as 


hosiery. 
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Fig. 4 
Employment in lace manufacture, 1951. Source: Census 1951, England 


and Wales, Industry Tables (1957). Places with fewer than 20 workers in 
lace manufacture are not shown. 
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Figure 4 shows the major features of the distribution pattern in 
(reat Britain. The industry is restricted to three areas. Nottingham 
and the district around the city had about 7,500 employed in the 
industry ; Ayrshire about 2,500, and Devon and Somerset about 1,175, 
Tiverton having about 700, Barnstaple between 150 and 200 and Chard 
the remainder. The four hundred or so unaccounted for were mainly in 
places with fewer than twenty workers and are unmapped. In the East 
Midlands, Nottingham and Long Eaton had about three-quarters of 
those employed, Leicestershire had 270 and Derby County Borough 500, 


As with hosiery the explanation of the location of the industry 
is not to be found in physical geography. The only possible physical 
limitations were the need for adequate supplies of cheap, soft and pure 
water for the finishing processes and the need for power. Finishing 
is undertaken in all three areas and in the Nottingham district the Leen 
Valley was, and still is, especially important. But the localisation of the 
industry as a whole cannot be ascribed to such causes and today, with 
the use of water softening and purifying equipment, the restriction on 
the location of finishing plants is less strong even than formerly. Local 
coal supplies likewise cannot be invoked as a major contributory cause 
of the concentration, for the industry moved from homes and small 
workshops to powered factories in the main only after many of the 
railways had been built. Furthermore the cost of power was probably a 
far smaller proportion of total cost than in the cotton, woollen and 
worsted industries. A coalfield location does not seem therefore to have 
been a crucial consideration. Far more important probably in reducing 
costs in this industry of small firms was the setting up of tenement 
factories, formerly prevalent in the Nottingham district with a single 


prime-mover supplying power to several firms renting rooms in the 
same building. 


The concentration of the lace industry in and around Nottingham 
must, therefore, depend on the spatial distribution of one or more of the 
following : the market, the availability of capital, labour and materials, 
and considerations of external economy. 


The retail market was widespread and can be discounted, while the 
growth of a wholesaling centre known as the “‘Lace Market”’ in Notting- 
ham, though very important in serving the concentration later on, was 
not a reason for its origin. Likewise the availability of local capital, 
though doubtless important, does not seem by itself to have been a 
crucial factor in determining the place of concentration of the industry. 
But labour in two forms could have facilitated localisation. First there 
were the skilled mechanics accustomed to servicing and repairing the 
stocking frames, tasks which inspired the invention of the bobbin-net 
lace machine by John Heathcoat in 1809(?). Secondly there were the 
skilled workers of the hosiery industry who were able rapidly to learn to 
use the new machinery, but since this applied almost equally to workers 
in other textile trades elsewhere the former was the more important 
locational consideration. However, it cannot account for the concentra- 
ation around Nottingham rather than around Leicester, and the material 
used may well be related to this. There had been for some time(?) a 


(1) D. E. Varley, ‘The history of the British Fancy Lace trade” in the History 
of the Midland Lace Manufacturers’ Association, shortly to be published, chapter 3. 
(2) Both Hargreaves and Arkwright moved from Lancashire to Nottingham in 


1767-68 and the use of cotton in hosiery manufacture in Nottingham ante-dated 
even their arrival. 
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tendency for Nottingham to specialise on cotton hosiery while Leicester 
specialised on wool and Derby on silk. Much less lace was made from 
wool and silk than from cotton and it was the existence in the Notting- 
ham district of a pool of skill and knowledge concerned with cotton 
(rather than the material itself) that favoured the concentration of lace 
manufacture there. 


The availability of these elements in the Nottingham district add 
up to what may be termed latent external economies which awaited 
development. First there was the technical association of lace with 
hosiery manufacture, the ancillaries of which could readily be adapted 
and expanded to meet the growing needs of lace. Secondly there was the 
local technical knowledge concerning the use of cotton in textiles. These 
did not exist together elsewhere in the country at the appropriate time. 
The local availability of capital(!), and workers skilled in textiles 
completed the necessary locational association. 


The success of Heathcoat’s move to Tiverton in 1816 after his 
machines at Loughborough had been destroyed by Luddites may be 
seen as an apparent contradiction to this argument. It seems to prove 
that the Nottingham district had by no means a monopoly of the require- 
ments of the industry for out of his venture the lace industry at both 
Tiverton and Barnstaple and probably also at Chard has grown. But 
Heathcoat’s case is exceptional. The immediate attractions of Tiverton 
were a vacant woollen mill with adjacent water power and ample labour 
from among the unemployed hand-loom weavers of the town and district 
around. Heathcoat took with him enough skilled labour from Lough- 
borough to start lace manufacture and expanded subsequently by 
employing local labour. His patent assured him an early start and his 
plant rapidly grew in numbers employed, amount of machinery installed 
and in output, so that he was firmly established by the time the patent 
expired. During this period by virtue of the growing size of the concern 
he was able to make it independent of the concentration developing 
around Nottingham. His was largely a vertically integrated plant since 
he undertook his own finishing and marketing. Finally most of his output 
was of high quality much being of silk lace ; thus he was not in direct 
competition with the whole range of the Nottingham trade. His great 
personal ability and business acumen enabled him to succeed without 
making use of the latent external economies available in the Nottingham 
district. These he created as internal economies within the expanding 
scale of his own large plant(?). 


The Scottish lace industry of the upper Irvine Valley (Darvel, 
Newmilns and Galston) is more recent than either the Nottingham or the 
Tiverton industries and its establishment took place from 1876 under 
conditions different from those which obtained when Nottingham and 
Tiverton were becoming centres of the lace trade. It depended first and 
foremost for its origin on local enterprise in the Irvine Valley and 
developed largely through imitation by others in the locality. The hand- 
loom wearing industry there had declined, and the labour freed thereby 
was skille the manufacture of cotton and silk woven curtains. The 
trade in lace curtains was expanding and the new location had the 





(1) D. E. Varley, op. cit., chapter 4. 


(2) In writing this section on Heathcoat I am greatly indebted to Mr. D. E. Varley 
of the Department of Industrial Economics in the University of Nottingham who 


has allowed me to draw upon material which he has collected in connection with 
his research into the lace industry. 
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benefit of both newer machines and more economical methods of 
working. The last relates especially to a greater division of labour 
which economised skill and which, though adopted perforce in the 
first instance, was retained subsequently when it was seen to be superior 
to the methods used in Nottingham. Local marketing facilities built up 
during the weaving period were used for marketing lace. Similarly 
finishing plants were available though much of the output was sent to 
Nottingham for this purpose(?). 


Thus some of the external economies that sustained the Nottingham 
industry were already potentially available in the Irvine Valley before 
the industry came there. These, added to the cheaper labour skilled in 
textiles, the more modern machinery, the greater division of labour and 
the increasing demand for lace furnishings made possible the successful 
creation of this later concentration and endowed it with a momentum 
that has since sustained it effectively. Among the three areas in which 
lace is today an important industry, only in this area is it the leading 
source of manufacturing industrial employment. 


THE East MIDLAND HOoSIERY-LACE REGION IN THE REGIONAL PATTERN 
OF BRITISH INDUSTRY 


Specialisation of area was the general rule in industrial Britain in 
the nineteenth century. Concentrations of industrial groups were 
desirable to obtain economies in transport costs between one process and 
another, or in marketing through a wholesaler, or to keep up-to-date- 
with technical developments and in touch with associates and ancillary 
trades. With the railway, and especially with the motor vehicle and an 
extensive electricity distribution network the need for specialist con- 
centrations became much less pressing, but concentrations continued to 
arise and to grow during the railway era, and even more recently 
dispersal of industries from the established concentrations has not been 
marked(?). Only the new industries of the twentieth century have found 
specialist concentration unnecessary. Their development has restored 
diversity of employment in some of the former specialist places like 
Nottingham. 


Before 1900 the growth of non-associated industries in the same 
locality was restricted except in certain circumstances. A concentration of 
a new, expanding industry could become superimposed on a pre-existing 
concentration only if the latter was declining (perhaps temporarily) ; or 
if the new industry had grown out of the old (for example, the early 
technical association of lace with hosiery) ; or was complementary to 
it in some way (for example if the new industry provided female work in 
an area of largely male employment) ; or if the locality had special 
natural or marketing advantages of almost equal importance to two or 
more equally profitable industries. If these last. advantages applied 
to only one industrial group, then others in the locality, perhaps older 
industries, would tend to be starved of new capital and labour and would 
decline in stages during slumps as the incoming industry expanded during 
booms. 

(1) Much of the information for this section was kindly supplied by D. E. Varley. 
(2) Some of the industries involved were tending to decline and the needs of 
expansion are one of the major incentives to dispersal. 
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In the light of this concept of mutual exclusiveness the major 
specialist industrial concentrations which arose in Britain during the 
past 200 years, including the hosiery-lace of the East Midlands can be 
viewed in perspective, and are seen to fit a logical regional pattern 
of comparative advantage over the country. The regions, devoted 
mainly to heavy industries depending on coal and iron, and access to 
world markets and cheap water transport were the coastal coalfields of 
South Wales, North-East England and Clydeside-Lanarkshire. The 
Black Country, the leading heavy industrial area until the 1850’s, 
declined relatively and then absolutely as a producer of pig-iron (and 
never became a leading centre of steel production) in favour of the 
coastal coalfields, as world markets for heavy goods expanded and its 
local advantages of iron ore and thick coal were superseded and depleted. 
The coastal coalfields were as well suited physically for textile manu- 
facture as the interior fields, and better placed to serve important 
overseas markets, but textiles could not compete with heavy industry for 
the limited amounts of labour and capital that were locally available. 
Cotton textiles found the Lancashire coalfield ultimately better in these 
respects than the western coastal fields, notably Clydeside-Lanarkshiie, 
and better placed for importing cotton and exporting cloth than other 
interior fields. Wool textiles, expanding more slowly and less concerned 
with overseas markets, withdrew from south Lancashire, but continued 
to expand in West Yorkshire, to which the exposed coalfield conferred 
an advantage over the wool textile regions of the West Country and 
East Anglia. 

New towns grew concurrently with industry in both the cotton 
and wool textile regions, but in the central East Midlands three sizeable, 
long established county towns existed without considerable advantages 
for heavy industry and without having greatly participated in wool 
textiles, and in this area hosiery and lace concentrated. An interior 
location for hosiery manufacture was no disadvantage for a mainly home 
market. The river Trent, the canals and later the railways facilitated 
distribution and export which was especially important to the lace 
trade, while local coal supplies contributed to the continued success 
of both industries after about 1850. 

Britain’s chief coalfields specialised, in a series of largely separated 
regions, on heavy industry, textiles, pottery, cutlery and fine steel goods. 
South Nottinghamshire, Leicestershire and parts of east Derbyshire 
formed such a region developing its specialisms on hosiery and lace, 
while Lowland Britain, with some relict textile industries, but lack- 
ing coal specialised mainly on agriculture. The localisation of hosiery 
and lace in the East Midlands region accords with the broad pattern of 
industrial location in Britain. Comparative advantage for industry in 
general declined away from the coastal coalfields, and those industries 
with fewer demands on location were established at ports away from the 
coalfields, or took interior positions mainly on or near coalfields if 
overseas connections were less important than other requirements such 
as power(!). The hosiery and lace industries were in this latter category. 


(1) The biggest exception to the general rule of coalfield or coastal location is the 
footwear industry, the largest concentration of which overlaps from Northampton- 
shire into the hosiery district around Leicester. It has, however, never been reliant 
on coal for power and has always been mainly concerned with the home market. 
Like hosiery it too could not compete for space, labour and capital with other 
industries elsewhere and thus fits into the general scheme outlined above. Its 
locational problems and the interesting overlap with hosiery will be examined in a 
future issue of the East Midland Geographer. 
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Although some individual industrial concentrations, when considered in 
isolation, may not have found their optimum locations, the best locations 
were found, by and large, in relation to the needs of all. 


CONCLUSION 


Hosiery and lace are industries for which there are no special 
physical advantages exclusively present in the East Midlands but they 
benefited economically through concentration. Early concentration of 
hosiery from which lace grew in the East Midlands has been tentatively 
ascribed to the short- or medium-run advantage of the availability 
of cheap labour and of capital, not preoccupied in other enterprises, 
at the right time for the expansion of the industry; the existence 
of three county towns uncommitted to other forms of industry, 
and the fact that other areas that might have proved satisfactory were 
probably better suited to profit from other manufacturing industries or 
from agriculture. That the hosiery and lace trades appear to fit a logical 
regional pattern of industry in Britain gives credence to the belief that 
the concentrations came into being and persisted in the East Midlands 
under conditions of greater spatial-economic restriction than might be 
inferred from knowledge of the techniques and positive locational needs 
of the two industries. 


I gratefully acknowledge the advice of my colleagues, Professors J. D. Chambers 
and F. A. Wells and Mr. D. E. Varley in the preparation of this article. Any errors of 
fact and defects in emphasis are, however, my responsibility. Mr. Varley has allowed 
me to draw upon relevant parts of material collected in his research into the lace trade 
and I have referred in footnotes to parts of his forthcoming book ‘‘The History of 
the British Fancy Lace Trade’’ in the History of the Midland Lace Manufacturers’ 
Association which he has kindly allowed me to read. 


+ * * * 
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THE GLACIAL SEQUENCE IN 
LINCOLNSHIRE 


ALLAN STRAW 


Some of the problems concerning the limit of the Newer Drift in 
the East Midlands have recently been discussed by K. M. Clayton(?) 
who compiled evidence to support his view that the Newer Drift extends 
farther south and west than earlier workers had supposed. In the light 
of work carried out in East Lincolnshire, and summarised in an earlier 
number of this journal, (*) it is considered that some of this evidence can 
be reinterpreted. 


The glacial deposits of East Lincolnshire have an important bearing 
on the drifts of the whole of the East Midlands, but this paper seeks only 
to elaborate the glacial succession as put forward in the previous paper, 
and extend this westwards to the Trent. 


A. J. Jukes-Brown, as a result of his work in the Lincolnshire 
Wolds, (*) was convinced of two glacial periods, which he recognised 
partly by the lithological differences between the drifts, but more 
particularly by their field relationships. Recent work confirms this 
broad contention, and following J. K. Charlesworth(*) and W. B. 
Wright,(5) the writer referred the two groups of deposits to the Older 
and Newer Drifts respectively, the latter occurring generally east and 
southeast of the Wolds, the former lying on, and to the west of the Wolds. 


DriFts EAst OF THE WOLDS 


It was suggested that the drifts lying to the east of the Wolds, the 
so-called ‘“Hessle’’ boulder-clays, were deposited in at least two stages ; 
such a differentiation is supported by a fund of geoiogical and morpho- 
logical evidence, and the limits of these two phases of ice advance as 
shown in Figure 1, can be distinguished in the field. 


At the maximum stage ice pressed into the Wash gap as far as the 
low ridge at Stickney, as indicated by Professor Swinnerton,(*) for no 
brown or purple tills, containing the typical rich suite of erratics, occur 
further west than this. On the eastern margin of the Wolds, the ice 
locally reached 350 feet O.D., and further north still, forced its way into 
the Humber gap as far as the Inferior Oolite ridge at Winteringham. 
East of this boundary, on the low ground near the Humber and Wash 
gaps, the surface of the drift is generally featureless, except for another 
low ridge in the south at Burgh-le-Marsh, associated with occasional 
mounds of current-bedded gravel, which probably marks a halt in the 
retreat of the ice. 


(1) K.M. Clayton, “The differentiation of the Glacial Drifts of the East Midlands”, 
East Midland Geographer, No. 7, June 1957, p. 31. 


(2) A. Straw, ‘Some glacial features of East Lincolnshire’, East Midland 
Geographer, No. 7, June 1957, p. 41. 


(3) A. J. Jukes-Brown, “The geology of part of East Lincolnshire”, Memoir of the 
Geological Survey, 1887. 


(4) J. K. Charlesworth, ‘‘A tentative reconstruction of the successive margins of 
the Quaternary ice-sheets in the region of the North Sea’, Proc. Roy. Irish Acad., 40, 
1931, p. 67. : 


(5) W. B. Wright, ‘‘ The Quatenary Ice-Age’’, 2nd ed., 1936. 


(6) H. H. Swinnerton, ‘“‘The geology of Lincolnshire’, Lincolnshire Naturalists’ 
Union Brochure, 1949. 
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PHASES OF THE LAST GLACIATION 
IN NORTH LINCOLNSHIRE 
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Key: 1. Chalk escarpment. 2, Lincolnshire Limestone escarpment. 

. , Degraded interglacial cliff. 4, ‘90 ft.’’ break-of-slope on Oolite dipslope. 

, Westerly limit of Newer Drift ice during Stickney-Horkstow (maximum) 

phase. 6, Westerly limit of Newer Drift ice during Hogsthorpe-Brocklesby 

(readvance) phase. 7, Chalky boulder-clay (Older Drift). 8, Outwash 
gravels associated with Newer Drift ice. 





Fig. 1 


Swinnerton mentions a third ridge, truncated by the coast between 
Chapel St. Leonards and Ingoldmells. Although partially buried by 
recent alluvium, this feature has an entirely different character, being 
hummocky and forming the limit of an area of boulder-clay, the surface 
of which has a distinct constructional appearance. This “‘Hogsthorpe”’ 
moraine reaches the Wolds near Aby, and is regarded as the southern 
limit of the second phase, an assumption that is supported by three 
morphological facts, illustrated in Figure 2. 


30 








en 
by 
ng 
ice 
e”’ 


ree 





(1) The east-draining chalk valleys south of Calceby Beck, unlike those 
to the north, contain no drift although they lie within the zone 
covered by ice during the maximum phase, and weathered drifts of 
this phase lie on the interfluves. 


(2) There are only one or two instances of meltwater erosion south of 
Calceby Beck, and these channels are at a high level and are of old 
subdued form. 


(3) Vast gravel spreads lie from Aby past Alford to Willoughby, their 
surface at 25 to 30 feet O.D., indicating the passage of large amounts 
of water southeast along the ice-edge to the Fens. 


In addition, Swinnerton records a distinct erosion surface at 
Ingoldmells between upper and lower sheets of boulder-clay. 


Identical features recur near the Humber. North of the Barnetby 
gap, boulder-clay is largely absent from the Wold valleys although 
drift-soils lie on the spurs, and a few old spillways can be determined, 
while a large gravel train, lying between the Wolds and a ridge of 
boulder-clay on the east and deposited by melt-waters which escaped 
towards the Humber along the ice-edge, grades north from Keelby and 
Brocklesby to 25 feet O.D. at Goxhill. 


South of Keelby, along the Wold margin to Aby, the valleys were 
profoundly affected by both phases of ice-advance, and related deposits 
and meltwater channels can frequently be differentiated by the contrasts 
in their morphology. The erosion interval between these phases was 
short, but some dissection of the drifts of the earlier advance took place, 


especially in the Wold valleys, and the associated spillways lost some of 
their freshness. 


THE PRE-NEWER DriFt PERIOD 


The period preceding the emplacement of the Hessle drifts was one 
of inter-glacial character, and followed a phase of glaciation during 
which the Chalky boulder-clays on and west of the Wolds were deposited 
(Fig. 1). During this interglacial period, many of the Wold valleys were 
deepened from 75 to 100 feet in response to a negative movement of 
base-level from that operating before the Chalky boulder-clay glaciation. 
No indication of the position of the strandline immediately following 
deglacierization can be given, but by the end of this period, the sea had 
advanced westward as far as the line of degraded cliffs which form the 
eastern boundary of the Wolds, and had produced an extensive wave-cut 
platform in relation to a strandline a little above that of the present day. 


DRIFTS ON AND WEST OF THE WOLDS 


The Chalky boulder-clays show a change in lithology from east to 
west, since the direction of movement of the ice was almost along the 
strike of the Jurassic and Cretaceous rocks, and the different parts of the 
ice-mass therefore laid different bedrocks under contribution. 


On the Chalk Wolds, the Intensely Chalky boulder-clay caps broad 
interfluves and spreads south towards the Fens. West of this, the matrix 
is composed of Kimmeridge and Oxford Clays, but near the Inferior 
Oolite ridge increasing amounts of Oolitic and Liassic materials appear. 
This latter type of Chalky boulder-clay is usually grey or brown in colour, 
due to the incorporation of Great Oolite Clay, soils developed on the 
Lincolnshire Limestone, and various Lias clays. The erratics are mainly 
of local origin, Frodingham Ironstone, Lincolnshire Limestone, 
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Kellaways Sandstone, and smaller amounts of Chalk and flint, but also 
quartzite pebbles, sandstone, and occasional pieces of Keuper Marl. 
Augering indicates that this till extends south along the foot of the 
Oolite dipslope beyond Sleaford, where its general appearance and 
position led Jukes-Brown to the belief that it was related to the Hessle 
drifts(+). 












MORPHOLOGICAL FEATURES 
OF THE SOUTHEAST WOLDS 
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Fig. 2 
Key: 1, Incised drift-free valleys in Chalk, with excursions (dashed) across 
drifts of maximum phase. 2, Westerly limit of Newer Drift ice during 
maximum phase. 3, Westerly limit of Newer Drift ice during readvance 
phase. 4, Outwash gravels. 5, Terrace gravels. 6, Chalky boulder-clay. 
7, Chalk escarpment. 8, Degraded interglacial cliff. 9, Pro-glacial lakes. 
10, Spillways. 11, Spot-heights (in feet O.D.). 


BOULDER-CLAYS OF WEST LINCOLNSHIRE 


The boulder-clays of West Lincolnshire, which extend as far west as 
Gainsborough, are now separated from the Central Lincolnshire tills by 
the drift-free cuesta of the Lincolnshire Limestone, although erratic 
pebbles and patches of ‘plateau gravels’ suggest that the latter was 
formerly covered by drifts. As in Central Lincolnshire, the tills exhibit 
an east-west variation in lithology. Near the scarp, the boulder-clay 
contains a great deal of Liassic material, including ironstone, but farther 


(1) W. A. E. Ussher, and others, “Geology of the country around Lincoln”, 
Memoir of the Geological Survey, 1888, pp. 136-7. 
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west there is an irregular zone of very chalky drift, probably derived 
from the Yorkshire Wolds, passing into dominantly Triassic boulder- 
clays near Gainsborough. 


This mass of drift is considered the equivalent of that in Central 
Lincolnshire for the following reasons. 


1. In each area, north-south movement of ice along the strike has 
produced relatively narrow zones of boulder-clays of different 
composition, an arrangement suggestive of the contemporaneity 
of the several drifts. 


2. The drifts occupy identical positions on low interfluves and have 
suffered similar degrees of dissection by the streams which are 
tributary to the Trent, Humber and Witham. 


3. Each spread of drifts rises towards the crest of the Lincolnshire 
Limestone scarp, as if originally covering it. The exposure of the 
Lincolnshire Limestone is no more remarkable than the removal of 
vast quantities of Chalky Jurassic boulder-clay by the east 
tributaries of the upper Ancholme, nor than the emergence of the 
Kellaways Rock and Cornbrash features north-east of Lincoln. 


4. The drifts have been decalcified and oxidised to a mean depth of 
5 feet, and are preserved largely on impervious rocks. 


THE SuB-CHALKY BOULDER-CLAY SURFACE 


In Central Lincolnshire, the boulder-clays rest on a surface of Upper 
Jurassic Clays which is exceptionally smooth and featureless. In Figure 
3, this surface has been broadly reconstructed from field-mapping and 
boring records, and is seen to form a very shallow but symmetrical 
depression, its axis following the line of the Ancholme and Langworth 
rivers. Along the line of the Ancholme, the depression floor is horizontal 
at 40 feet O.D., but south of Faldingworth, it descends almost impercep- 
tibly, and passes beneath O.D. in the latitude of Lincoln. The surface 
rises eastward from the axis to 200 feet O.D. along the foot of the 
Cretaceous escarpment, and climbs equally gently westward up the 
Oolite dipslope. 


West of Lincoln Edge, the ‘“‘Gainsborough”’ boulder-clays rest in a 
similar depression. The base of the drift lies at about 120 feet O.D. along 
the scarp-foot, and falls westward to a line from Scotton to Saxilby, then 
passes on to the Rhaetic to reach 120 feet O.D. at Gainsborough. 
The depression floor descends south from 65 feet O.D. at Scotton, to 
20 feet O.D. at Saxilby. 


It would appear logical to assume that these surfaces were produced 
before the Chalky boulder-clay glaciation by the action of subsequent 
streams working along the strike of the Upper and Lower Jurassic Clays. 
Such streams would have been fed predominantly by scarp-foot springs, 
and would be expected to have remained relatively close to the escarp- 
ments through the process of uniclinical shifting. The resultant 
subsequent vale might therefore have a dominantly asymmetrical 
cross-profile, and not the one exhibited by the sub-Chalky boulder-clay 
depressions. 
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SUB CHALKY BOULDER-CLAY SURFACE 
IN CENTRAL & WEST LINCOLNSHIRE 
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Fig. 3 


Key: 1, Chalk escarpment. 2, Lincolnshire Limestone escarpment. 

3, Frodingham Ironstone escarpment. 4, Rhaetic escarpment. 5, Bluff 

developed on Chalky boulder-clay in the southern Wolds. 6, Western side 

of Lymn valley. 7, Contours on sub-Chalky boulder-clay surface. 

8, Generalised contours on drift-free areas of Oolite dipslope. 9, Spot-heights 
(in feet O.D.) on sub-drift surface. 
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Throughout Central and West Lincolnshire, and East Anglia, 
immeasurable quantities of Lias and Upper Jurassic clays form the bulk 
of the glacial deposits, and by virtue of the overlap of the Cretaceous 
rocks north of the Humber, incorporation of these clays by ice can only 
have taken place in the area south of the Humber. The presence of 
large amounts of Frodingham Ironstone, Lincolnshire Limestone, 
Cornbrash and Chalk in these boulder-clays also testifies to the large 
degree of erosion accomplished by the ice in its passage across 
Lincolnshire. 


Taking into consideration these two points, i.e., the obvious removal 
of an immense volume of Jurassic rocks from Lincolnshire, and the 
anomalous form of the sub-drift surfaces, it is suggested that the Chalky 
boulder-clays of Central and West Lincolnshire do not rest on a surface 
of subaerial erosion, but on one of glacial erosion. The ice which ulti- 
mately deposited these tills was responsible for scouring out the less 
resistant of the Jurassic rocks and transporting them to the south, for 
moulding the surface into a smooth symmetrical form, and for obliter- 
ating the previous subaerially developed features. Incidentally, 
Swinnerton(!) records the presence of a polished surface of Lincolnshire 
Limestone exposed in excavations at Dunston railway station, with 
striae lying between northwest, and west 42° north. Such erosion may 
also be responsible for the failure of the Frodingham Ironstone 
escarpment south of Messingham. 


The southerly inclination of the sub-drift surface in Central Lincoln- 
shire may have resulted from the progressive increase of this sub-glacial 
scouring towards the centre of the Fen basin. Maximum removal of the 
Upper Jurassic Clays would be expected to occur in the Fens, as the mass 
of ice on the east of the Wolds would here merge with the Central 
Lincolnshire ice. 


The declination of the surface beneath the West Lincolnshire drifts 
towards the Witham and the River Brant may be taken to indicate that 
excessive glacial scouring of the Lias also occurred. 


It is difficult to estimate the height of the base-level which con- 
trolled the development of the former sub-aerial surface, but an 
inspection of the larger westward and southward draining valleys of the 
Wolds allows a tentative suggestion to be made. In these valleys, 
deposits of Older Drift are preserved on remnants of old valley floors, 
and if the gradients of the latter are extrapolated along the probable 
former courses of the streams, these old valleys appear to have graded to 
between 100 and 150 feet O.D. although it must be stressed that 
this estimate is imprecise. 


THE SEQUENCE 


From the foregoing description, a sequence of events for north and 
east Lincolnshire may be deduced. 


1. The possible production, by sub-aerial erosion, of a widespread 
surface on the less resistant Lower and Upper Jurassic Clays, 
related to a base-level between 100 and 150 feet O.D., interrupted 
by the cuestas of the Lincolnshire Limestone and the Chalk. 


(1) H. H. Swinnerton, Joc. cit. 
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2. Invasion and considerable erosion of the area by ice coming from 
a northerly direction in two main streams—one down the Vales of 
York and Trent, spreading over the whole of West and Central 
Lincolnshire, the other down the present site of the east coast, a 
small branch forcing its way due south over the Wolds to unite with 
the Central Lincolnshire ice. 


3. Withdrawal of the ice, followed by a long period of erosion, during 
which an extensive marine plane and cliffs were formed at about 
the height of present ‘High Water’, and the main incision of the 
Wold valleys took place. 


4. Invasion of East Lincolnshire by North Sea ice from the northeast, 
up to the Horkstow-Stickney-Hunstanton line. 


5. Intermittent retreat of the ice towards the North Sea, allowing a 
short period of erosion in the eastern Wolds. 


6. Re-advance of the ice to the Brocklesby-Hogsthorpe line. 

A phased recession of the ice from Lincolnshire and Holderness. 

8. Aggradation by streams with the gradual recovery of the sea from 
a low post-glacial level. 


The Chalky boulder-clays of the Wolds, Central and West Lincoln- 
shire have already been referred to as belonging to the Older Drift, and 
were provisionally correlated with the Gipping drifts of East Anglia('). 


“a 


Stage 3 is regarded as the Last Interglacial, and succeeding events 
therefore occurred during the Last Glaciation, and post-glacial time. 


THE EXTENT OF THE NEWER DRIFT 


In his recent paper(?), K. M. Clayton refers to the marked 
lithological and topographical contrasts of the Intensely-Chalky boulder- 
clay and the ‘Hessle’ boulder-clays on the east side of the Chalk Wolds, 
and accepts the broad contention of Jukes-Brown that they are referable 
to two distinct glaciations. Following W. B. Wright, Clayton further 
accepts that the ‘Hessle’ boulder-clays belong to the Newer Drift, and 
the Intensely-Chalky boulder-clay to the Older Drift. It is also clear 
from his map that he considers the Chalky-Jurassic boulder-clays of 
North Central Lincolnshire as the equivalent of the Intensely-Chalky 
boulder-clay. 


Correlation of various boulder-clays is achieved by both geological 
and morphological methods. The common geological techniques are 
based on the lithology of the deposits, and it has been demonstrated 
above that lateral variation in the lithology of the Central and West 
Lincolnshire boulder-clays is an indication of their contemporaneity. 


Morphological methods have regard to topographic expression, the 
degree of dissection, and the relationship of the drifts to the present 
river valleys, or, as Clayton refers to it, the ‘attitude’ of the drifts. 
Using attitude as the criterion, Clayton considers that the boulder-clays 
east of Sleaford show closer affinities to the drifts lying south and east 
of the Chalk Wolds, namely the Newer Drift. In addition, he expresses 
the view that the boulder-clays east of Gainsborough may also belong 


(1) A. Straw, loc. cit., p. 47. 
(2) K. M. Clayton, Joc. cit. 
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to the Newer Drift, but here he abandons attitude as a criterion, thereby 
introducing an inconsistency into his argument, and discusses the 
relation of the boulder-clays to the sub-drift surface and the former 
Trent terraces between Newark and the Lincoln gap. It has been 
suggested above that the sub-drift surface is most probably one of 
glacial not sub-aerial erosion, and therefore altitudinal relationships 
have no value. If one investigates the attitude of these boulder-clays 
it will be seen that they compare more favourably with the tills of Central 
Lincolnshire than with the ‘Hessle’ tills of East Lincolnshire. 

The drifts lying east of Sleaford, between Swaton and Lincoln 
occupy an anomalous position at the foot of the Oolite dipslope. as they 
rarely exceed 65 feet O.D., and form an asymmetrical ridge, with its 
steeper slope facing west. Lithological evidence shows that these boulder- 
clays are a direct continuation of the tills lying east and northeast of 
Lincoln, being dominantly Oolitic and Liassic in character, with the 
inclusion of some Triassic material. In addition, they show degrees of 
dissection and weathering similar to those of the Central Lincolnshire 
tills. The Sleaford boulder-clays therefore undoubtedly belong to the 
Older Drift. Why then, is the criterion of ‘attitude’ in this case 
so misleading? The answer may be found in a consideration of the 
relationship of the boulder-clays to the Witham terraces. 


THE WITHAM TERRACES 


Below Lincoln, two well-developed terraces flank the present flood- 
plain of the Witham, as shown in Figure 4. The higher, well-preserved 
northwest of Martin, falls gently from 75 feet O.D. at Heighington, to 
45 feet O.D. at Billinghay, and related gravels occur south of Heckington. 
Patches lie on the east side of the Witham at Bardney, Horsington, 
Stixwould and Stainfield, at 40—60 feet O.D. Southeast of Woodhall 
Spa, the terrace gravels are differentiated from the higher Kirkby Moor 
sands by a low bluff at 50 feet O.D., but east of the River Bain this bluff 
is developed on boulder-clay at a similar height, rising above a wide 
strip of terrace gravel which stretches as far as the Stickney ridge. 


The lower terrace, well seen at Southrey, occurs at 25-30 feet O.D. 
in the lower Langworth valley, and at 20-25 feet O.D. around Kirkstead, 
Tattershall and Coningsby. It is also at this height at Billinghay, and 
North and South Kyme. These gravels, usually separated from the 
higher terrace by a steeper slope of boulder-clay, pass beneath the 
present alluvium, and form part of the Fen Margin gravels described by 
J. E. Prentice('), and are therefore related to gravels lying east and 
northeast of Sleaford, and bordering the Fen edge south of Swaton. 


The gravels of both terraces consist primarily of Bunter material, 
in the form of rounded pebbles up to 6 ins. in diameter, with a scatter of 
flints, in a matrix of fine and coarse sand, but near the juncture of the 
River Bain, flint becomes predominant, and remains the principal 
constituent to the east. 


These terraces are represented in the Witham tributaries, especially 
the River Bain. This river is flanked by three terraces, the lower two 
grading into the Martin and Southrey terraces of the Witham. The 
highest Bain terrace, composed of 30 feet of sand and flint gravel, lies 
at 160 feet O.D. at Hemingby, and passes into the Kirkby Moor sands 
at 90-95 feet O.D. east of Woodhall Spa. 


(1) J. E. Prentice, ‘‘Sub-surface geology of the Lincolnshire Fenland’’, Trans. 
Lincs. Nat. Union, 12, 1950, p. 136. 
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Key: 1, Hemingby terrace and Kirkby Moor sands. 2, Martin terrace. 
3, Southrey terrace. 4, Western limit of Newer Drift ice. 5, 200 ft. contour. 
6, ‘90 ft.” break-of-slope on Oolite dipslope. 


Between Heighington and Billinghay, the Martin terrace bevels the 
crest of the asymmetrical ridge of boulder-clay. As the gravels are thin, 
and rest evenly on the boulder-clay, it is suggested that the boulder-clay 
was trimmed by the lateral erosion of a large river, the Trent-Witham, 
which brought the Triassic material into the area. On its western margin, 
this valley floor seems to have impinged on the Lincolnshire Limestone. 
The boulder-clay beneath the valley-floor was protected, while removal 
of the drifts on the dipslope proceeded unchecked. On rejuvenation, the 
tributary streams would cut through the gravels into the boulder-clay, 
and subsequent development would occur on the feather-edge of drift 
to produce the ‘strike’ vale. 


This reconstruction cannot be applied directly to the drifts east of 
Sleaford, for they lie at a level above the Martin terrace. 


Mention has already been made of the Kirkby Moor sands, and 


small patches of laminated clays and fine gravels occurring in Central 
Lincolnshire.(!) The Kirkby Moor sands with related patches of fine 


(1) A. Straw, loc. cit., p. 45. 
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gravel east of the Bain, are relics of a dissected delta formed by the 
Bain in a body of water, the surface of which was some 90 to 100 feet 
O0.D. The laminated clays are water deposited, while from Osbournby, 
south of Sleaford, to Spridlington there is a distinct change of gradient 
on the Oolite dipslope at 90 feet O.D. These features, which in some 
respects parallel those described by Edwards in the Vale of York,() 
suggest the presence of a body of water in Central Lincolnshire at 90 to 
100 feet O.D., which may have been part of Lake Humber. 


Such a body of water could account for the bevelling and protection 
of the Sleaford boulder-clays, while erosion proceeded at higher levels, 
and later development would follow the sequence outlined in the forma- 
tion of the Martin terrace. 


The field relationships of the Martin and Southrey terraces to the 
Newer Drift may be briefly described here, and are illustrated on Figure 
4, as they throw light on the age of the terraces. 


It was stated above that the Martin terrace extended as far east as 
the Stickney moraine. Field work reveals no other gravels at this height 
to the east of this feature, but significantly, the Alford gravels lie at 
25-30 feet O.D. adjacent to the Hogsthorpe moraine, and patches of 
gravel occur at similar heights at the mouth of the Lymn valley 
(Fig. 1). 


It is thus suggested that the Martin and Southrey terraces are 
closely related to the Stickney and Hogsthorpe moraines. 


In the north part of East Lincolnshire, the Brocklesby gravel train 
grades to 25 feet O.D. near Goxhill, and the low level deposits of the 
Ancholme, of lacustrine origin, occur at this height ; southeast of Brigg 
is a lowlying fan of sand and fine gravel between 25 and 60 feet O.D. 
formed by the escape of melt-waters westwards through the Barnetby 
gap during the Stickney advance. Such a coincidence of level is striking 
and is not likely to be accidental. 


It is envisaged that ice in the Humber and Wash gaps was respon- 
sible for the body of water at 90-100 feet O.D. in Central Lincolnshire, 
for between Halton Holegate and West Keal, where the Stickney 
moraine reaches the south end of the Wolds, gravels deposited by melt- 
waters escaping along the ice edge from the Lymn valley, grade to a 
similar height. 


CONCLUSION 


The subdivision of the Hessle glaciation into two distinct phases is 
supported by a great deal of geological and morphological evidence, and 
the associated drifts have for long been accepted as belonging to the 
Newer Drift of the British Isles. Evidence in support of the view that 
certain portions of the Chalky boulder-clays in Central and West 
Lincolnshire are also related to the Newer Drift, is believed by the writer 
to be ill-founded and such an interpretation would be at variance with 
the facts. 


(1) W. Edwards, ‘“‘A Pleistocene strandline in the Vale of York’’, Proc. Yorks. 
Geol. Soc. 23, 1936, p. 103. 
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The Chalky boulder-clays of Lincolnshire are therefore considered 
to belong to the Older Drift, and the discrepancy in position between 
the Chalky boulder-clays on the Lincolnshire Wolds, and those of Central 
and West Lincolnshire is believed to be due in large part to the excessive 
glacial scouring of the less resistant Upper and Lower Jurassic Clays. 
In the course of discussion, Professor D. L. Linton has informed the 
writer that he had independently arrived at similar conclusions, as 
results of an examination of the writer’s fieldwork, and his own 
observations over a wider field. 


The peculiar ‘attitude’ of the Sleaford drifts is capable of simple 
explanation, while the intimate relation of the Witham (Trent) terraces 
to the boulder-clays of East Lincolnshire should ultimately allow a more 
accurate chronology to be established for similar deposits in the middle 
Trent Valley, and provides a foundation on which any re-interpretation 
can be based. 


Lincolnshire clearly occupies a key position with reference to the 
drainage of the East Midlands. The dependence of this drainage on the 
Humber and Wash gaps 1s such that the terrace features of the Fen 
rivers and the Trent-Ouse system may vary considerably from those of 
other river systems, for during the Last Glaciation, the Wash gap was 
closed at least once by ice, and the Humber twice, while the Thames, 
Severn and South Coast rivers were unrestricted. Under such circum- 
stances, the East Midland rivers responded to local base-levels, and any 
attempt at long-distance correlation on the bases of number and height 
of terraces should proceed with caution. 


The writer expresses his gratitude to Professor D. L. Linton, for criticism and 
the opportunity of discussion, and acknowledges the receipt of financial assistance 
from the Research Fund of the University of Sheffield in respect of fieldwork. 
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LINCOLNSHIRE FARMING REGIONS 


D. R. MILts 


One of the most important aspects of post-war work in agrarian 
history has been the study of regional types of agriculture. This theme 
is exemplified in several recent publications concerning Lincolnshire 
which are of interest to all those who wish to obtain a deeper under- 
standing of the county’s agriculture today. The basis of the work is a 
system of physical regions into which the county may be divided : the 
uplands of limestone, marlstone and chalk, the clay vales, the marshlands 
and the fenlands. 


Most of this work concerns modern periods, beginning with the 
Tudor, but a paper by Dr. Hallam describes one of the fenland districts 
in the pre-Conquest and medieval periods.(1) The Wapentake of Elloe 
is that part of the Holland Division of the county which lies between the 
Rivers Welland and Nene and which is bordered on the north by the 
Wash and on the south by the Cambridgeshire fens, Anglo-Saxon and 
Scandinavian settlement took place along a low silt ridge, about five 
miles wide, which enters the wapentake at Spalding and stretches to 
Tydd St. Mary near the River Nene. Dr. Hallam discusses the gradual, 
and for the most part communal reclamation carried out in the fens on 
the landward side of the ridge and in the marsh on the seaward side. 
The work clearly began in pre-Conquest times, but the period of greatest 
activity was that between the Conquest and the end of the thirteenth 
century. On the fenward side reclamation was much the more extensive 
and it is estimated that between 1170 and 1240 alone fifty square miles 
were enclosed by banks from the fens. The reclamation led to an 
extension of both arable and pasture, for the most part held in severalty, 
and to the establishment of monastic granges belonging to Spalding 


Priory and Crowland Abbey and of fen hamlets such as Cowbit and 
Whaplode Drove. 


Another Lincolnshire fenland, the Isle of Axholme in the north-west 
of the county, is discussed in two recent publications. Mrs. Thirsk 
describes its appearance and economy in the years around 1600, before 
Vermuyden’s drainage project, when, although it was predominantly a 
pastoral region, it was already producing fine crops of grain, hemp and 
flax on its central upland.(?) Mr. Harris’s book on Vermuyden(*) is 
essentially a biography and much of it is devoted to the Dutchman’s 
work beyond the southern boundary of the county. However, 
Vermuyden’s first work in this country, during which he developed his 
methods, was carried out in the 1620’s in Hatfield Chase and the 
adjoining fens of the Isle of Axholme. Although they were very large, 
the fen commons were becoming inadequate at this time for local 
requirements of pasturage, a fact which partly explains the opposition 
to Vermuyden, since under his agreement with the Crown he and his 
associates received large amounts of common land. Moreover, as Mrs 


(1) H. E. Hallam, “The New Lands of Elloe: a study of early reclamation in 
Lincolnshire’, University of Leicester, Occasional Papers No. 6, 1954. 


(2) Joan Thirsk, ‘The Isle of Axholme before Vermuyden”’, Agricultural History 
Review, 1, 1953. 


(3) L. E. Harris, “‘Vermuyden and the Fens’, London, 1953. 
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Thirsk points out, the islanders already had sufficient arable land and 
did not therefore welcome a system of drainage which took away their 
flood-fed pasture and necessitated an extension of arable cultivation. 


The Kesteven Division of the county is the subject of two further 
articles, one of them describing the farming economy of the different 
parts of Kesteven in the period 1540-1640.(!) In the two predominantly 
clayland zones of Kesteven a mixed husbandry was practised differing 
littie from that of the Leicestershire claylands. One feature of both 
these counties was the development of a kind of ley farming, partly as 
a response to the shortage of pasture. However, the two other major 
regions of Kesteven, the limestone upland and the fen, were much more 
generously endowed with pasture; the former specialised in sheep 
rearing, the latter in the rearing and fattening of both sheep and cattle. 
The fens of south Kesteven shared in the long drainage disputes of the 
mid-seventeenth century, caused by a conflict between the inhabitants 
and ‘adventurers’ after the style of Vermuyden, the latter underestimat- 
ing the value of the fens to the former. The second paper on Kesteven(?) 
is concerned with the establishment of a system of 17 micro-regions 
based on township boundaries and the soil geography of the Division ; 
its conclusions are therefore largely relevant to the seventeenth and 
later centuries for which suitable detailed statistical material is available 
to the research worker. 


By far the most comprehensive work on the agrarian history of the 
county in the period 1500-1914 is the book recently published by Mrs. 
Thirsk(*) in which she has adopted the framework of the four major 
landscape types in the county, viz., marsh, fen, upland and vale. With 
the exception of the marshlands, each landscape type is found in more 
than one part of the county : thus to the Fens of south-east Lincolnshire 
must be added the Isle of Axholme; the uplands consist of the chalk 
and sandstone Wolds, the limestone Heath and the marlstone cuestas ; 
and within the clay vales are large areas of gravel spreads as around 
Woodhall Spa, or areas of a low-lying nature such as the Carrs of the 
lower Ancholme valley. Within this four-fold framework there is 
therefore much physical diversity and partly as a response to it there 
was a considerable variation in farming practice in the past as at the 
present. There are three great themes, other than that of diversity in 
land use, to be found in this book. Firstly, although the agrarian 
revolution of the late eighteenth and early nineteenth centuries is given 
its place, a steady continuity of change is demonstrated, many phases 
of development preparing the way for the next. For instance, although 
the Parliamentary enclosures led to the ploughing up of very considerable 
areas of pasture land, it is improbable that the animal population was 
thereby seriously diminished, since sheep and cattle were most essential 
elements in the new methods of farming. Secondly, changes in land 
values, and therefore changes in the relative prosperity of each region, 
are constantly underlined. For example, the technical changes of the 


(1) Joan Thirsk, “Farming in Kesteven, 1540-1640", Reports and Papers of the 
Lincolnshire Architectural and Archaeological Society, 6(1), 1955, pp. 37-53. 

(2) D. R. Mills, ‘‘Regions of Kesteven devised for the purposes of agricultural 
history”, Reports and Papers, etc., 7(1), 1957. 


(3) Joan Thirsk, English peasant farming: the agrarian history of Lincolnshire 
from Tudor to recent times, London, 1957. With minor modifications, Chapter 
1 of this work embodies an earlier paper by Dr. Thirsk, entitled, ‘‘Fenland farming 
in the sixteenth century,”’ University of Leicester, Occasional Papers No. 3, 1953. 
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late eighteenth century rendered the light soil districts of greater value 
than the formerly more prosperous claylands. Thirdly, Mrs. Thirsk 
describes the contrasts in rural society between, for example, the large 
farms of the Wolds and Heath and the small holdings of Axholme and 
the Fens. These contrasts do much to explain the two themes of con- 
tinuity of development and of changing land values. Thus the small 
farms of the fen regions were as characteristic a feature of the sixteenth 
as they are of the twentieth century ; on the other hand, the relatively 
extensive economy of the uplands, either in the earlier sheep farming or 
in the Norfolk rotation, favoured big farmers with larger reserves of 
capital. 


Mrs. Thirsk’s book covers a multitude of topics which are of interest 
to the specialist as well as to the general reader. Among them are 
changes in population density and distribution ; the progress of private 
and Parliamentary enclosure; the fishing and holiday industries 
associated with the marshland ; the conditions of life and work, and the 
fortunes of Lincolnshire farming in relation to fluctuations in the national 
economy. The book is therefore an invaluable work of reference to the 
specialist who should also consult the author’s paper on documentary 
sources(!). This paper deals with sources of information on a large 
variety of agrarian and population topics for the sixteenth to the 
nineteenth centuries from which he may gain an even closer view of 
Lincolnshire’s farming regions. 


(1) Joan Thirsk, ‘The content and sources of English agrarian history with 
special reference to Lincolnshire”, Lincolnshire Historian, 2(2), Spring 1955, pp. 31-44. 


43 








EAST MIDLAND RECORD 


INSTITUTE OF BRITISH GEOGRAPHERS CONFERENCE AT NOTTINGHAM 


The Annual Conference of the Institute of British Geographers was 
held at the University of Nottingham, January 2nd-6th 1958. The 
meetings were held in the Portland Building and there was a record 
attendance of nearly 250 members of whom about 200 were accommo- 
dated in the Hugh Stewart and Florence Boot Halls of Residence. The 
presidential address on ‘“‘The Isle of Man and Atlantic Britain’ was 
delivered by Professor R. H. Kinvig of the University of Birmingham. 
Papers given by members of staff of the Department of Geography at 
Nottingham included “The development of Nottingham with reference 
to its distinctive urban features’’ by Professor K. C. Edwards; “The 
evolution of the salient patterns of milk production and distribution 
in England and Wales” by Mr. F. A. Barnes; and “Three principles 
of industrial location’? by Mr. E. M. Rawstron. The programme also 
included five whole-day excursions covering different parts of the East 
Midlands. 

K.C.E. 


Corsy NEw Town 

Corby, the only New Town in the East Midlands and in the Midlands 
as a whole, has now passed the half-way mark of its development under 
the Corporation established in 1950. The following figures indicate 
progress since 1950 together with the estimates for 1962 : 


1950 1958 1962 
Population ee 15,700 30,000 40,000 
Houses ae re 4,107 8,194 11,500 
Shops me 126 Zee 275 


The population, increasing by about 2,000 each year has doubled since 
1950 and there seems little doubt that the ultimate total proposed will 
be reached by 1962. It is now thought that, owing to the high rate of 
natural increase, the designated area may have to be extended in order 
to accommodate 55,000 inhabitants by the end of the century. The 
number of houses built by private enterprise, though long neglected in 
Corby, has increased considerably in the past year or two. The Corpor- 
ation itself has completed a number of housing estates which are grouped 
to form neighbourhood units. In the south-western part of the desig- 
nated area, the first of seven estates which will form the Beaufield 
Neighbourhood, to be completed in 1962, is almost finished. Beaufield 
will contain most of Corby’s more expensive privately-built houses. 


The provision of a Town Centre, having urban facilities which were 
lacking in 1950, has proved an attractive and successful feature. 
Elsewhere an estate for light industry has resulted in the erection of 
eleven factories (now employing about 850 persons, mostly women), 
while three more are to open this year. On another industrial site the 
first of the Corporation’s larger factories is being built on land from 
which ironstone has been extracted after 1950 and since restored. It is 
hoped that this factory, designed for electrical engineering, will employ 
some 200 men and a similar number of women. To find employment in 
activities other than iron and steel is still Corby’s most perplexing 
problem. At present 65% of all the employed persons are engaged in 
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iron and steel ; it is estimated that in 1962 the proportion will still be as 
high as 55%. On the other hand it is argued by some that if the size of 
the town is kept reasonably under control, there is no real cause for 
uneasiness concerning Corby’s somewhat unbalanced economy, for its 


prosperity is hardly likely to be prejudiced on that account.—D.C.P. 


A NEw BRIDGE OVER THE RIVER TRENT 


Early in 1958 the new Clifton Bridge over the River Trent at 
Nottingham was opened. (Reference to this project was made in the 
East Midland Geographer, No. 2. Dec, 1954, p.44). Hitherto the only 
main crossing by road has been the Trent Bridge which in one form or 
another has been in existence for over a thousand years. For a long time 
a second bridge has been needed but serious traffic congestion in recent 
years, together with the necessity for a direct link between the city and 
the new municipal housing estate with 29,000 people on the south bank 
at Clifton, made it imperative. The new bridge is situated a mile and a 
half upstream from Trent Bridge and is built of pre-stressed concrete, 
earlier plans, at first for a steel structure and later for one of concrete 
only, having been rejected on account of shortages of these materials. 
Besides the central span of 275 feet, claimed to be the widest pre- 
stressed concrete span in this country, there are two outer spans each of 
125 feet, approached by embankments raised on the floodplain. The 
total length is about 800 ft. The existing breadth is 46 ft. 3 inches, which 
is sufficient for a double carriageway, footpath and cycle track. The 
bridge was built by the Corporation of Nottingham at a cost of about 
£500,000 but is really only part of a larger trunk road bridge proposed 
by the Ministry of Transport. In due course, it is hoped in 1960-61, the 
Ministry will be responsible for increasing the width to 90 ft., thus 
providing a four-lane carriageway which will form part of a trunk route 
around the west side of the city. Even as it stands at present, it is 
estimated that the new crossing will reduce traffic on Trent Bridge by 
one third at peak periods. As a large structure in pre-stressed concrete 
the Clifton Bridge has already claimed the attention of engineers from 
many parts of the world.—K.C.E. 


East MIDLANDS IRON AND STEEL 


With the continued expansion of the iron and steel industry 
significant developments in the East Midlands are taking place. The 
output of ore, pig iron and steel are still increasing. Particulars given 
by the British Iron and Steel Federation show that in 1957 out of a 
total of 14.3 million tons of pig iron, about 4.6 million tons were produced 
from smelting centres within the East Midlands, though this figure 
includes the relatively small output from the Dagenham furnace in 
Essex. In 1957 the region also produced about 3} million tons of steel out 
of the national total of 21.7 million tons. More than two-thirds of this 
amount was produced at Scunthorpe and the remainder at Corby. The 
output from the East Midlands represents slightly more than one-seventh 
of the national total, whereas a few years ago it was only one-eighth. An 
important development in ironstone production is the working of ore 
from underground mines, since in some districts the depth of overburden 
has now become too great for further extraction by opencast methods. 
At present there are two mines in north Lincolnshire, at Frodingham and 
Winns respectively, and one in Northamptonshire at Irthlingborough. 

K.C.E. 


45 











